Abstract
grazing area for reindeer. Testing data from before, during and after construction of the WF showed that 23 the overall use on the island and for the WF area did not change during the study period. The reindeer 24 density did not vary significantly among the periods, both for the WF and power line areas. We found no 25 avoidance responses on reindeer spatial use towards the WF during the operation periods for direct 26 observation data. However, we found some significant changes in reindeer area use that may be related to 27 disturbance from human activities for the calving period during construction in WF zone 1 and road zone 28 1 (GPS-data), and for the power line area during construction in summer and autumn (direct observational
Introduction

36
The amount of infrastructure has increased in Arctic regions over the last 50 years (Klein, 2000;  37 Forbes, 2006) , especially in Scandinavia (Bartzke et al., 2014) . The demand for renewable energy is 38 growing, and construction of wind power, hydro power and solar power plants affects the habitats of many 39 cervid species (e.g., Mahoney and Schaefer, 2002; Bartzke et al., 2014) . Because of their extensive land 40 use and social behaviour of forming groups (Skogland, 1984; Reimers et al., 2014) , Rangifer sp. are 41 vulnerable towards anthropogenic development that reduce movement patterns or pasture utilization 42 (Reimers and Colman, 2006; Panzacchi et al., 2013; Beyer et al., 2016) . In Norway, five wind farms (WF) 43 have been built within reindeer ranges along the northern coast, and by 2016, eight more WFs had 44 achieved concession, but were not yet built (https://www.nve.no/konsesjonssaker/, accessed 28 Oct 2016).
45
Reindeer herdsmen and their management authorities fear detrimental effects from WFs and their 46 associated roads and power lines on movements and spatial use of reindeer (Colman et al., 2012a; 2013; Skarin et al., 2015) . Recent studies have found minimal avoidance in situations when human activity is 4 conditions (Colman et al., 2013; Bartzke et al., 2014; Johnson and Russell, 2014) (Reimers and Colman, 2006; Colman et al., 2017) . Colman et al. (2017) and Bartzke et al. (2014) 65 highlight the importance of before and after studies to better understand measured effects and aid in the 66 proper interpretation of observed patterns.
67
We studied free ranging, semi-domesticated reindeer inhabiting the island Vannøy in Troms, The study combines data from direct observations in the study area and GPS-collared reindeer 113 over the entire island (the reindeers' entire home range 
214
The winter population of reindeer on Vannøy varied slightly during the study period, decreasing in 2015 (after), see also supplementary (Table S1 ). On average, the WF area had higher densities of 217 reindeer (2.44 ± 0.67, number km -2 ; Mean ± SD) and power line area had the lowest densities (0.56 ± 0.54) 218 compared to the rest of the island (1.86 ± 0.23) in winter (P < 0.05). The WF area was and remained an 219 important winter range (Fig. 2) . The reindeer density did not vary significantly among the periods, both 220 for the WF area (before: 2.35 ± 0.70, during: 2.38 ± 0.69, after: 2.67 ± 0.59; P > 0.05) and power line area
221
(before: 0.50 ± 0.52 and during: 0.66 ± 0.58; P > 0.05). There was a reduction in density for the remainder 222 of the island during the construction period (before: 1.86 ± 0.19, during: 1.60 ± 0.12, after: 2.02 ± 0.16; P 223 < 0.05), reflecting a reduction in the overall winter population in 2011 (Fig. 2) .
224
There was no significant effect when comparing reindeer densities for each period for each WF 225 zone in the WF area during winter (Table 1) . When comparing road zones within each period, we found a 226 significantly lower density in road zone 1 than in road zone 2 (Table 1) . However, since road zone 1 also 227 had a lower density before the construction of the WF, this does not indicate negative effects from the WF.
228
There were also no significant differences between WF zones when comparing each period separately 229 (Table 1 ), indicating that the WF had no measurable negative effect on space use of reindeer. Similarly, 230 the power line area had no measurable effect on reindeer spatial use in winter and calving seasons (Table   231 2). For both summer and autumn seasons, we found a significant reduction during the construction period 232 in the power line area ( 243 3).
244
Looking at the different areas within the entire Vannøy island (Fig. 4) , we found some variations 245 in space use amongst the areas. There was more use during construction as compared to before 246 construction for the WF area (i.e., for "A1") in autumn and winter seasons; whereas more than expected in 247 calving and less than expected in summer for both periods. The power line area (i.e., "A2") was in general 248 used less than expected for both periods in all seasons, except as expected before, and more than expected 249 during, in winter (Fig. 4 ). The three areas (i.e., "A3"-"A5") in the rest of the island showed a lot of 250 variation in spatial use. In all seasons, "A4" was used more than expected, while "A5" was used less than 251 expected for both periods (Fig. 4) . "A3", which is adjacent to the WF area, was used more than expected 252 during the construction period in all seasons (Fig. 4) . In all seasons, we found no avoidance effect of the 253 power line for both periods in the power line area (Fig. 5 ). For the power line area, the probability of use 254 was relatively higher before than during in all seasons except in autumn, with more use during than before 255 close to the power line ( 
266
However, more use during construction for other seasons makes it difficult to conclude whether the area use during calving was due to natural or random variation or real avoidance effects (Colman et al., 2017 
278
Importantly though, the direct observations may show a local negative effect that the GPS data was not 279 able to capture due to the low number of GPS positions in the power line area. This indicates that more in-280 depth research is necessary before we will be able to make robust conclusions on the effect of construction 281 work.
282
On a regional scale, the GPS-data showed that the WF area is a highly preferred grazing area for 
326
Since Vannøy is a year round reindeer herding area locked within the definite borders of an island, we 327 have a situation where the animals do not migrate seasonally between inland winter ranges, and coastal 328 summer ranges, as most other reindeer districts in the northern part of Norway (Colman et al., 2013 
366
This is the first time the entire home range and multiple years' worth of before, during and after 367 data have been tested in relation to a WF and reindeer area use. It is also the first time winter ranges and 368 calving seasons have been included in a study of WF and reindeer space use. In general, we observed 369 shifts in space use both at the local scale on the WF area, and at the regional scale of the entire island throughout our study period. We suspect that the effect during the construction period would have been 
